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(54) A drive mechanism for a reciprocating tool

(57) Embodiments of the present invention are di-
rected to a drive apparatus for a reciprocating tool, com-
prising a housing, a rotatable drive shaft assembly locat-
ed in the housing, an elongated spindle located in the
housing for reciprocating motion, a front bushing in the
housing for supporting the front end portion of the spindle,
and a wobble drive mechanism comprising a wobble
drive shaft connected to the drive shaft assembly, an
elongated arm having a lengthwise axis extending up-

wardly from the wobble drive shaft and including an upper
interface for reciprocating the spindle generally in its
lengthwise direction during alternating cutting and return
strokes, wherein the upper interface connects the arm to
the spindle in a manner that prevents translational move-
ment of the spindle relative to the arm in the direction of
the arm lengthwise axis, but permits rotational movement
thereof in three orthogonal axes.

Other embodiments of a drive apparatus are dis-
closed.
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Description

BACKGROUND OF THE INVENTION

[0001] The present invention generally relates to pow-
er hand tools, and more particularly, to power reciprocat-
ing tools.
[0002] Reciprocating tools that are motor driven, such
as saber saws, larger reciprocating saws and the like are
usually driven by electric motors that have a rotating out-
put shaft. The rotating motion is translated into recipro-
cating motion for moving a saw blade or the like in a
reciprocating manner.
[0003] Reciprocating tools such as jigsaws, saber
saws, as well as larger reciprocating saws are typically
driven by the rotating output shaft of an electric motor.
Such tools have a mechanism that translates rotary mo-
tion of the output shaft into reciprocating motion. Among
the types of mechanisms that convert the rotary motion
to reciprocating motion includes a wobble plate drive
mechanism that is well known to those of ordinary skill
in the art.
[0004] There has been much research and develop-
ment over the years attempting to improve the cutting
efficiency of such reciprocating saws as well as reduce
the vibration that is experienced by users of them. There
has also been much effort put forth to achieve those goals
and also to reduce friction and power consumption with
saws that are compact and convenient to use.

SUMMARY OF THE INVENTION

[0005] Embodiments of the present invention are di-
rected to a drive apparatus for a reciprocating tool, com-
prising a housing, a rotatable drive shaft assembly locat-
ed in the housing, an elongated spindle located in the
housing for reciprocating motion, the spindle having a
front end portion for attaching a cutting blade thereto and
a rear portion, a front bushing in the housing for support-
ing the front end portion of the spindle, the bushing per-
mitting reciprocating and limited angular motion of the
spindle therein, and a wobble drive mechanism compris-
ing a wobble drive shaft connected to the drive shaft as-
sembly, an elongated arm having a lengthwise axis ex-
tending upwardly from the wobble drive shaft and includ-
ing an upper interface for reciprocating the spindle gen-
erally in its lengthwise direction during alternating cutting
and return strokes, wherein the upper interface connects
the arm to the spindle in a manner that prevents trans-
lational movement of the spindle relative to the arm in
the direction of the arm lengthwise axis, but permits ro-
tational movement thereof in three orthogonal axes.
[0006] Another embodiment is directed to a drive ap-
paratus for a reciprocating tool, comprising a housing, a
rotatable drive shaft assembly located in the housing, an
elongated spindle located in the housing for reciprocating
motion in its lengthwise direction, the spindle having a
front end portion for attaching a cutting blade thereto and

a rear portion, a front bushing in the housing for support-
ing the front end portion of the spindle, the bushing per-
mitting reciprocating and limited angular motion of the
spindle therein, a wobble drive mechanism comprising a
wobble drive shaft connected to the drive shaft assembly,
an elongated arm having a lengthwise axis extending
upwardly from the wobble drive shaft and including an
upper pivot connection to the spindle for reciprocating
the spindle generally in its lengthwise direction during
alternating cutting and return strokes, the upper pivot
connection preventing translational movement of the
spindle relative to the arm in the direction of the arm
lengthwise axis, an elongated rocker having an upper
end portion with an interface to the spindle, a lower end
portion having two spaced apart side walls, each side
wall having a counterweight pivot connection for connec-
tion to a counterweight, and a housing pivot connection
to the housing located between the upper and lower end
portions, a counterweight having a main portion that ex-
tends above and on opposite sides of the spindle and
side portions that extend downwardly to the counter-
weight pivot connections, and a support configuration as-
sociated with the counterweight and housing for support-
ing the counterweight while permitting reciprocating
movement of the counterweight in the housing in a direc-
tion generally parallel to the spindle movement.
[0007] Another embodiment is directed to a drive ap-
paratus for a reciprocating tool, comprising a housing, a
rotatable drive shaft assembly located in the housing, an
elongated spindle located in the housing for reciprocating
motion in its lengthwise direction, the spindle having a
front end portion for attaching a cutting blade thereto and
a rear portion, a front bushing in the housing for support-
ing the front end portion of the spindle, the bushing per-
mitting reciprocating and limited angular motion of the
spindle therein, a wobble drive mechanism comprising a
wobble drive shaft connected to the drive shaft assembly,
an elongated arm having a lengthwise axis extending
upwardly from the wobble drive shaft and including an
upper pivot connection to the spindle for reciprocating
the spindle generally in its lengthwise direction during
alternating cutting and return strokes, the upper pivot
connection preventing translational movement of the
spindle relative to the arm in the direction of the arm
lengthwise axis, an elongated rocker having an upper
end portion with an interface to the spindle, a lower end
portion having two spaced apart side walls, each side
wall having a counterweight pivot connection for connec-
tion to a counterweight, and a housing pivot connection
to the housing located between the upper and lower end
portions, a counterweight having a main portion that ex-
tends above and on opposite sides of the spindle, side
portions that extend downwardly to the counterweight
pivot connections, and a forward extension from a bottom
of each of the side portions, the counterweight pivot con-
nections being connected to the forward extensions, a
support configuration associated with the counterweight
and housing for supporting the counterweight while per-
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mitting reciprocating movement of the counterweight in
the housing in a direction generally parallel to the spindle
movement, the support configuration comprising an elon-
gated slot in each of the side portions oriented in a direc-
tion generally parallel to the spindle movement, and a
pin mounted in the housing and operatively extending to
each of the slots and permitting the reciprocating move-
ment, and a cam surface on the wobble drive shaft con-
figured to move the pin and the counterweight in a vertical
direction during reciprocation of the counterweight, the
opposite ends of the pin being mounted in the housing
in a manner permitting vertical movement thereof respon-
sive to rotation of the wobble drive shaft and cam for
creating an arcing motion to the counterweight for neu-
tralizing arcing movement of the spindle.

DESCRIPTION OF THE DRAWINGS

[0008]

FIGURE 1 is a perspective view of a first preferred
embodiment of the present invention shown with por-
tions removed to illustrate the drive mechanism of a
reciprocating saw;
FIG. 2 is a perspective view similar to FIG. 1, but
showing only portions of the drive mechanism to-
gether with portions of a drive mechanism of a re-
ciprocating saw;
FIG. 3 is a cross section taken generally along the
center line of the drive mechanism shown in FIG. 2;
FIG. 4 is a cross section of the drive mechanism
shown in FIG. 2, taken along a plane defined by the
dotted lines in FIG. 2;
FIG. 5 is a perspective view of a second preferred
embodiment of the present invention, shown with the
portions removed to illustrate the drive mechanism
thereof;
FIG. 6 is a side view of a portion of the second pre-
ferred embodiment shown in FIG. 5;
FIG. 7 is a cross section taken generally through the
center line of the drive mechanism shown in FIG. 6;
FIG. 8 is a section taken generally along the line 8-8
of FIG. 6;
FIG. 9 is a perspective view showing a portion of a
third preferred embodiment of the present invention,
illustrating the drive mechanism thereof;
FIG. 10 is a side view of the third preferred embod-
iment shown in FIG. 9;
FIG. 11 is a cross section taken generally along the
line 11-11 of FIG. 10;
FIG. 12 is a perspective view of a fourth preferred
embodiment of the present invention, illustrating the
drive mechanism thereof;
FIG. 13 is a cross section taken generally along the
centerline of the length of the drive mechanism
shown in FIG. 12;
FIG. 14 is a perspective view of a fifth preferred em-
bodiment of the present invention shown with por-

tions removed to illustrate the drive mechanism
thereof;
FIG. 15 is a cross-section taken along the center line
of the drive mechanism shown in FIG. 14, with an
orbital control mechanism shown in an ON position
and the plunger in its fully retracted position;
FIG. 16 is a cross section taken generally along the
line 16-16 of FIG. 15, but with the plunger shown in
its extended position rather than the retracted posi-
tion as shown in FIG. 15;
FIG. 17 is a cross section of the fifth preferred em-
bodiment shown in FIG. 16, but illustrating the plung-
er in its extended position and with the orbital control
mechanism in its OFF position;
FIG. 18 is a cross section similar to FIG. 17, but il-
lustrating the orbital control mechanism in its ON po-
sition;
FIG. 19 is a perspective view of a sixth preferred
embodiment of the present invention shown with por-
tions removed to illustrate the drive mechanism
thereof;
FIG. 20 is a side view of the drive mechanism shown
in FIG.19;
FIG. 21 is a cross section taken generally along the
line 21-21 in FIG.20;
FIG. 22 is a perspective view of a seventh preferred
embodiment of the present invention shown with por-
tions removed to illustrate the drive mechanism
thereof;
FIG. 23 is a side plan view of the seventh preferred
embodiment of the present invention shown in FIG.
22;
FIG. 24 is a cross section taken generally along the
center line of the embodiment shown in FIG. 23;
FIG. 25 is a cross section taken generally along the
line 25-25 of FIG. 23;
FIG. 26 is a perspective view of an eighth preferred
embodiment of the present invention shown with por-
tions removed to illustrate the drive mechanism
thereof and illustrating an orbital action control lever
in an OFF position;
FIG. 27 is side view of a cross-section taken along
the center line of the drive mechanism of the recip-
rocating saw shown in FIG. 26, illustrating the spindle
in an extended position and with an orbital control
lever in an ON position;
FIG. 28 is side view of a cross-section taken along
the center line of the drive mechanism of the recip-
rocating saw shown in FIG. 26, illustrating the spindle
in a retracted position and with an orbital control lever
in an OFF position;
FIG. 29 is a cross section taken generally along the
line 29-29 of FIG. 28;
FIG. 30 is side view of a cross-section taken along
the center line of the drive mechanism of the recip-
rocating saw shown in FIG. 26, illustrating the spindle
in a retracted position and with an orbital control lever
in an ON position; and
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FIG. 31 is a cross section taken generally along the
line 31-31 of FIG. 30.

DETAILED DESCRIPTION

[0009] Several embodiments of the present invention
are described in the present specification and shown in
the drawings. All embodiments are directed to recipro-
cating saw drive mechanisms that employ a wobble arm
mechanism for reciprocating the spindle of the recipro-
cating saw, with the spindle having a clamping mecha-
nism for securing a blade therein. The embodiments all
use a wobble plate drive and operate in a manner which
is very efficient and utilizes designs which are compact
and effective. While not all embodiments employ a coun-
terweight in their design and construction, many embod-
iments do and operate in a manner which minimizes the
degradation that is created due to the reciprocating action
of the plunger. Many of the embodiments have compo-
nents which are common to one another and where prac-
tical, are given the same reference numbers. Where com-
ponents are given the same reference number with re-
gard to different embodiments, it is intended that the func-
tion of those components would be very similar and may
not be described with regard to all of the embodiments.
Where structural differences exist with a comparable
component, it may be given a prime designation to indi-
cate structural differences.
[0010] The preferred embodiments of the present in-
vention are reciprocating drive mechanisms for a recip-
rocating tool such as a reciprocating saw, the general
size and shape of which is similar to saws that are cur-
rently marketed. The present invention is also applicable
for other types of tools such as saber saws, for example,
or other types of tools that have a reciprocating action
driven by a wobble plate drive mechanism and powered
by a motor having a rotating output shaft.
[0011] The first embodiment of the present invention
is directed to a compact reciprocating saw driven by a
wobble plate drive mechanism where the wobble mech-
anism creates an automatic orbital movement of the
blade during its reciprocation. The connection between
the wobble plate drive shaft to the spindle is a rigid con-
nection in the sense that the spindle does not move rel-
ative to the spindle along the lengthwise direction of the
wobble arm and therefore causes the spindle to follow in
an arcing motion during reciprocation of the spindle. Stat-
ed in other words, as the wobble drive moves in its re-
ciprocating motion, the motion of the connection causes
the spindle to follow an arcuate path which is similar to
an orbital motion. This orbital path is defined by the arcing
motion of the wobble arm combined with the location of
a front pivoting bushing that anchors the front portion of
the spindle where it exits the front of the tool. Even though
the pivot connection of the end of the wobble arm to the
spindle, the spindle is able to rotate in all other directions,
i.e., except in the lengthwise direction of the wobble shaft.
This movement will be further described in connection

with the drawings, and particularly FIGS. 1-4.
[0012] Referring to FIGS. 1-4, a reciprocating saw, in-
dicated generally at 10, has a housing 12 which includes
a nose portion indicated generally at 14 that is flared out-
wardly so that a user can hold the nose portion with one
hand while holding a handle, indicated generally at 16,
with the other. A trigger switch 18 is provided in the handle
portion 16 for turning on a motor 20 that drives the tool.
The saw has a shoe 22 at the nose end portion 14 and
a saw blade 24 is mounted in a blade clamping mecha-
nism 26 that is mounted at the end of an elongated spin-
dle, indicated generally at 28. The motor 20 has an output
shaft 34 with a pinion gear 36 and fan member 38 oper-
atively attached to the shaft 34, with the gear 36 engaging
a larger gear 40 that is connected to a wobble drive mech-
anism, indicated generally at 42, which drives the spindle
28 in a reciprocating manner. The teeth of the pinion gear
36 and gear 40 are not shown for the sake of simplicity,
but are conventional as is known to those of ordinary skill
in the art.
[0013] More particularly, the wobble drive mechanism
42 has a drive shaft 46 to which the gear 40 is attached.
The shaft has an end portion that is supported in a needle
bearing 50 or the like and an opposite end supported in
another ball bearing 54 that is mounted in the housing
12. It should be understood that the manner in which the
motor 20, gears 36 and 40 as well as the shaft 46 are
mounted in the housing 12 is not shown in detail inas-
much as such is conventional and is also well known to
those of ordinary skill in the art.
[0014] With regard to the wobble drive mechanism 42,
the shaft 46 has generally cylindrical shaped portion 60
best shown in FIG. 3 that is oriented at an acute angle θ
relative to the axis of the shaft 46 as shown by a dashed
line 62. The wobble drive mechanism 42 has an elongat-
ed arm, indicated generally at 64, that is mounted in ball
bearings 66 for rotation relative to the cylindrical portion
60, which permits the arm 64 to move in a left and right
direction relative to the cylindrical portion 60 as the shaft
46 is rotated during operation.
[0015] More particularly, as the shaft 46 is rotated, the
angular orientation of the cylindrical portion 60 changes,
and the arm 64 of the wobble drive mechanism 42 is
moved in a reciprocating manner, i.e., to the left as shown
in FIG. 2, and to the right as shown in FIG. 3. Such op-
eration is well known to those of ordinary skill in the art.
[0016] As is shown in all of the FIGS. 1-4, the elongated
arm 64 is made of a base arm portion 68 which has a
cylindrical aperture 70, its upper end 72 that extends a
substantial distance to a level adjacent the ball bearings
66. The aperture 70 is sized to receive an arm adaptor
74 which is snuggly fit in the aperture but which is capable
of rotating movement around a center axis identified by
line 76 of FIG. 3. The adaptor 74 is connected to the base
arm portion 68 by a pin 78 that fits within a suitable ap-
erture 80 in the adaptor 82 which is sized so that the pin
78 can rotate a limited degree around the center line 76.
The pin 78 is preferably centered in the width of the slot
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82 so that it can rotate in either direction around the axis
76 of the adaptor 74. The rotatability of the adaptor in the
base arm portion 64 enables stresses to be removed that
are generated by reciprocating motion of the spindle 28.
[0017] The rigid connection of the elongated arm 64
to the spindle 28 is provided by a pin 86 that extends
through the upper end portion of the adaptor 74 and suit-
able apertures in the right end portion, indicated generally
at 84 of the spindle 28. The side end portion 84 has a
slightly enlarged diameter portion as well as recesses 88
in the top and bottom thereof which enable the adaptor
to be inserted therein and the pin 84 enables pivoting
movement between the spindle 28 and the adaptor 74.
It should be understood that the reciprocating motion of
the wobble drive mechanism 42 results in rotation of the
elongated arm 64 relative to the dashes? 62 of the shaft
46 and for that reason, it must be limited which in the
present embodiment is provided by a pair of cylindrical
rods 90 that are shown in the drawings, with one of the
rods being provided on each side of the space arm portion
68, suitably mounted in the housing to prevent such ro-
tational movement of the elongated arm 64. In this regard,
and as best shown in FIGS. 1, 2 and 4, the cylindrical
rod 90 contacts a curved surface of the base arm portion
68 in a generally perpendicular orientation which results
in a single point contact between each rod and the base
arm portion 68 which minimizes friction.
[0018] During rotation of the shaft 46, the wobble drive
mechanism 42 effective pivots around the center of the
cylindrical portion 60, identified at point 92, so that the
rigid pivot pin 86 will travel through an arc and applied
by the dotted line 94 has the wobble drive mechanism
move the spindle. Since the pivot pin 86 is centered in
the spindle as shown in FIG. 3, the spindle will move
vertically during its reciprocating travel so that the pin 86
will traverse the path identified by the line 94. The spindle
is slidable in a bushing 96 located at the nose portion 14
of the housing 12 and it has a spherical outer surface 98
that is suitably mounted in a similar curved surface so
that the angle of the spindle can change.
[0019] As should be appreciated by considering FIG.
3, the blade which is left of the front bushing 96 will move
downwardly as the right end portion before elevated dur-
ing the reciprocating motion. It should be understood that
the cutting action is generally on a return to its fully re-
tracted position which is shown in FIG. 3 so that as the
blade is moved to the right cutting through the work piece
or the like, the rear end 84 is moving upwardly which
causes the blade to move more aggressively into the
work piece which is a desirable feature and the subject
of such orbital action. It should be understood that while
changing the angle of the blade during engagement with
a work piece is commonly referred to as orbital action
which provides a more aggressive cutting action during
the return or cutting scope, it should be understood that
such characterization may not be entirely orbital but in a
nonlinear manner which achieves the same goals. The
spherical surface 98 of the front bushing 96 allows it to

rotate freely in all three axes because of the spherical
connection between the housing and the bushing.
[0020] A second preferred embodiment is shown in
FIGS. 5-8 which have many features that are similar to
the embodiment shown in FIGS. 1-4. A principal differ-
ence in the second preferred embodiment is the addition
of a counterweight which counterbalances the recipro-
cating saw mechanism and provides for left vibration and
a smoother feeling operation by a user. The counter-
weight is efficiently incorporated into the design so that
it is compact and is nearly the same size as the FIG. 1
configuration. The design utilizes the rigid pivot connec-
tion between the spindle and the wobble drive mecha-
nism to thereby achieve the same orbital or nonlinear
type of cutting motion during reciprocation of the blade.
[0021] Referring to FIGS. 5-8, the embodiment, indi-
cated generally at 100, includes a counterweight, indi-
cated generally at 102, which is preferably made of steel
and has sufficient mass to balance the forces generated
by the plunger and its drive mechanism. The counter-
weight 102 is designed and configured to surround the
spindle 28 so that it has a center of gravity that approx-
imates the center of gravity of the spindle during opera-
tion. Such configuration results in less vibration. To this
end, the counterweight 102 has a top portion 104 that
merges with side portions 106. The side portions 106
extend downwardly to slightly outwardly flared transition
portions 108 that merge with lower leg portions 110. As
is best shown in FIGS. 7 and 8, the thickness of the
[0022] As is shown in FIG. 5, the drop side portions
106 and transition portions 108 have a cutout portion 112
removed. This is done for the purpose of proper weight
distribution and such cutout portions 112 may or may not
be provided depending upon the necessary mass that is
required for achieving the desired counterbalancing. The
lower leg portions 110 also have a forward extension 114
with a pivot connector 116 that is connected to a rocker
arm, indicated generally at 120, that is also connected
to the spindle 28 and operates to reciprocate the coun-
terweight 102 in a direction opposite that of the movement
of the spindle 28.
[0023] The rocker arm 120 has a pivot pin 122 that
rides in bearings (not shown) and the rocker arm 120
pivots about the pin 122 during operation. The rocker
arm 120 has an upper arm portion 124 which terminates
in a spherical ball end portion 126 that rides in a cylindrical
aperture 128 which is located in a thickened top portion
130 of the spindle 28. The upper arm portion 124 extends
through a suitable opening 132 in the bottom of the plung-
er during reciprocation of the spindle 28, because of the
rigid connection 86 between the wobble drive mechanism
64 and the spindle 28, the spindle will move in a vertical
manner during reciprocation of the spindle and therefore
there will be some relative movement between the ball
126 and the cylindrical opening 128 during operation.
Additionally, there will be pivoting movement so that the
ball will not only pivot, but will also slide within the cylin-
drical opening 128. The rocker arm 120 also has a lower
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extension 134 that connects to the forward extension 114
of the counterweight 102. This is achieved by the pivot
connection 116. The relative distance between the pivot
connection 122 and the ball 126 compared to the distance
between the pivot connection 122 and 116 will determine
the amount of movement that the counterweight travels
during a cutting and return stroke of the spindle 28. Such
distances can be changed depending upon the mass of
the counterweight, the dynamics of the wobble drive
mechanism and spindle and such consideration can be
optimized to achieve the desired reduction in vibration.
Such analysis is known to those of ordinary skill in the
art of tool design.
[0024] The counterweight 102 is mounted in the hous-
ing and is supported by a pair of generally horizontally
oriented bushings 136 which are preferably pressed into
the housing but is not shown in the drawings. The bush-
ings 136 have a recess defined by a bottom surface 138
and opposed inclined surfaces 140. The recesses extend
at least the length of travel that is provided for the coun-
terweight 102 and the recesses cooperate with an asso-
ciated rolling ball 142 which is sized to contact the inclined
surfaces 140 and not the bottom surface 138. The balls
142 also contact a complimentary pair of inclined surfac-
es 144 in the lower right portion 110, with these surfaces
144 terminating in an opening 146 that extends through
the entire thickness of the lower length 110. This con-
nection enables the counterweight to be moved along a
desired path relative to the housing and be supported in
a manner that is extremely efficient. In this regard, the
bushings 136 are shown to have a recess that is straight
and oriented substantially horizontally. However, it
should be understood that it may be oriented at an angle
to change the vertical position of the counterweight dur-
ing its reciprocation. Further, it may be curved along its
length to provide a desired profile of vertical movement
during such reciprocation to balance the movement of
the spindle, or stated in other words, to optimize the re-
duction of vibration created by the spindle by the coun-
terweight movement during operation.
[0025] The connection utilizes the two rolling balls 142
that are captured by the bushings 136 that are pressed
into the front housing. The balls 142 are captured by the
two chamfered surfaces 140 in the bushings 136 which
are preferably oriented less than 45° relative to the bot-
tom surface 138 to allow the balls 142 to rotate freely in
all directions and contact the bushing with single edge
contacts at two points. The counterweight 102 also has
two V-groove inclined surfaces 144 that are also less
than 45° from the contact plane which allows the rolling
balls to roll in the grooves as the counterweight moves
back and forth. The connection allows for rotation of the
counterweight in all directions and is an efficient way for
the counterweight to move back and forth, in reducing
friction. As is evident, the contact system also constrains
the counterweight from moving in a side to side direction.
[0026] A third preferred embodiment is shown in FIGS
9-11 which is very similar to the second preferred em-

bodiment shown in FIGS. 6-8. Because most of the com-
ponents of the embodiment shown in FIGS. 9-11 are
identical to those shown in the second preferred embod-
iment shown in FIGS. 6-8, the reference numbers are
not applied to a vast majority of the components shown
in FIGS. 9-11. However, the differences are discussed
and generally relate to the support of the counterweight
102’. More particularly, the counterweight 102 has a pair
of horizontally oriented elongated slots 150 located in the
lower leg 110 of the counterweight 102’, with the length
of the horizontal slots 150 generally corresponding to the
length of travel of the counterweight 102’ produced by
the wobble drive mechanism 42. The counterweight 102’
has a horizontal shaft 152 that extends between both
sides 110 and is journaled in needle bearings 154 that
have their outer braces mounted in a suitable recess with-
in the housing 12 (not shown). The needle bearings en-
able the shaft 152 to rotate within the needle bearings
154 so that during reciprocating motion by the counter-
weight 102’, the shaft 152 is free to rotate within the slots
150.
[0027] It should be understood that the width of the
slots 150 should be approximately equal to the diameter
of the shaft 152 at the location where the shaft is coex-
tensive with the leg portions 110 and as shown in FIG.
11, the shaft 152 has a slight spherical shaped bulge
where it contacts the counterweight 102’ for the purpose
of providing generally point to point contact between the
shaft 152 and the upper surface of the slot 150 for the
purpose of reducing friction during movement of the
counterweight.
[0028] A fourth preferred embodiment of the present
invention is shown in FIGS. 12 and 13 and all of the com-
ponents thereof have not been provided, because these
embodiments have components that are common with
the embodiments of FIGS. 1-4 as well as FIGS. 9-11.
The embodiment shown in FIGS. 12 and 13 has a rocker
arm 120’, which is similar to the rocker arm 120 shown
in the embodiment of FIGS. 9-11, but with differences
that will be hereinafter described. Similarly, a counter-
weight 102" is provided with differences between that
and the counterweights 102 and 102’ being identified. A
significant difference in the embodiment of FIGS. 12 and
13 is that the counterweight 102" is supported and recip-
rocates in a pair of slots 160 which are suitably secured
in the housing 12 (not shown) and have a length that is
sufficient to permit the counterweight 102" to reciprocate
through its full return and cutting strokes. The outside
diameter of the rods 160 is sized slightly smaller than the
inside diameter of a bushing 162 that is mounted in an
enlarged portion of a top side portion 106’ of the coun-
terweight 102".
[0029] As is evident from FIG. 12, the lower leg portion
110’ does not have the horizontal slots that are present
in the embodiment of FIGS. 9-11 or well as that shown
in FIGS. 5-8. Since the counterweight does not pivot as
it is reciprocated by the inner connection with the rocker
arm 120’, the interconnection of the forward extension
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114’ is designed to enable vertical movement of the pivot
connection to accommodate the vertical movement of
the rocker arm during the reciprocating action. In this
regard, the forward extension 114’ has an elongated slot
164 that is oriented in a vertical direction and the lower
part of the rocker arm 120’ has a fixed pin 166 sized
approximately slightly smaller than the width of the slot
164 so that the pin can ride up and down in the slot during
pivoting action of the rocker arm around its pivot pin 122.
The interconnection of the upper end of the rocker arm
120 with the spindle 28’ is slightly different than that
shown in the embodiment of FIGS. 5-8 which employ the
ball end 126 that rides in a cylindrical opening 128 a best
shown in FIG. 7.
[0030] In the embodiment of FIGS. 12 and 13, an en-
larged portion 168 of the spindle 28’ has a vertical slot
170 that extends through both sidewalls of the spindle
28’ and the upper portion 124’ has a pin 172 that extends
between the spaced arm portion 124’. Because the wob-
ble drive mechanism 42 has a fixed connection between
it and the spindle 28’, it will be alternately raised and
lower to follow the path as described with regard to the
embodiment shown in FIGS. 1-4 and particularly as de-
scribed with regard to the arc 94 shown on FIG. 3. The
movement of the spindle 28’ in the vertical direction dur-
ing reciprocation of the spindle
[0031] A fifth preferred embodiment is shown in FIGS.
14-18 which has features that are common with several
other embodiments and which will be broadly described
hereinafter. The reference numbers for detailed items of
common features are omitted where the structure and
functionality is substantially similar to those of other pre-
ferred embodiments. If that is not the case, then the ref-
erence number for such structure will be identified.
[0032] The fifth preferred embodiment shown in FIGS.
14-18 has a counterweight 102 substantially similar to
that shown in the second preferred embodiment of FIGS.
5-8, with slight modification that will be hereinafter de-
scribed. The counterweight 102 is driven by a forward
rocker arm 120 that is also substantially similar to that
shown in the FIGS. 5-8 in that it has a spherical ball struc-
ture 126 at the upper end of the rocker arm 120 that rides
in a cylindrical opening 128 of the spindle 28".
[0033] This embodiment has an orbital or nonlinear
movement similar to the movement shown in the embod-
iment of FIGS. 1-5, but has the added capability of being
turned on and off by an orbital on and off lever mechanism
180 which comprises an elongated rod 182 that has a
flat portion 184 which selectively engages a pivotable
retaining bushing, indicated generally at 190, for selec-
tively enabling and disabling pivoting movement of the
bushing 190 during reciprocation of the spindle 28". The
lever mechanism 180 has a handle 192 that an operator
can rotate to turn the orbital action on and off as desired.
The retaining bushing 190 has a right end portion 194 as
shown in the drawings which is pivotally connected by a
pivot pin 196 that is suitably secured in the housing 12
(not shown). The bushing 190 has a relatively large cy-

lindrical opening 198 configured to retain an enlarged
spherical end portion 200 on the spindle 28".
[0034] The length of the cylindrical opening 198 is suf-
ficient to enable the spindle to ride through its full cutting
and return strokes. The lower wall of the retaining bushing
has a cut-out region, indicated generally at 202, that per-
mits the wobble drive mechanism 42’ to guide the spindle
28" through its complete strokes. As is shown in FIGS.
17 and 18, the spindle is fully extended and in FIG. 15,
it is shown substantially fully retracted where the spher-
ical end portion 202 is near the right end of the cylindrical
opening 198.
[0035] The orbital action of the blade is achieved by
the spindle 28". The vertical movement of the spherical
end portion 200 is achieved by pivoting the retaining
bushing 190 about its pivot pin 196. The pivoting action
is achieved by the interaction of a cam member 204 en-
gaging a downward extension 206 of the retaining bush-
ing 190. The cam is designed to provide the desired ver-
tical change of the spherical end portion 200 during the
cutting and return strokes of the spindle 28" during re-
ciprocation. Such desired motion is a function of the
shape of the cam and that is within the level of ordinary
skill of those in the mechanical design arts.
[0036] Since the orbital movement of the spindle 28" is
achieved by the action of the cam member 204 on the
retaining bushing 190, the wobble drive mechanism 42
is modified compared to the wobble drive mechanism 42
shown in FIGS. 1-4 and particularly FIG. 3. The modifi-
cation involves the elimination of a pin 78 which prohibits
the adaptor 74 from axial movement in the direction of
the line 76 relative to the base arm portion 68. Thus, in
the configuration shown in FIGS. 14-18, the adaptor 74
is connected to the spindle 28" by the pin 86 and is a
rigid pivotal connection which results in the adaptor 74
moving relative to the base arm 68.
[0037] When the orbital on and off lever mechanism
180 is positioned as shown in FIG. 17, the retaining bush-
ing is prohibited from pivoting the downward direction as
is apparent by the gap between the end of the downward
extension 206 and the adjacent outer surface of the cam
member 204. When the orbital lever mechanism 180 is
placed in its on position, as shown in FIG. 18, the retaining
bushing 190 is shown to have been pivoted to a lower
position by the cam member 204. The counterweight 102
is supported by bushings 136 that operate in the same
manner as described with regard to the embodiment
shown in FIGS. 5-8.
[0038] A sixth preferred embodiment is shown in FIGS.
19-22 which has many components that are substantially
similar to other embodiments previously described in-
cluding a counterweight 102 which is driven by a rocker
arm 120 that is substantially similar to that shown and
described with regard to the embodiment of FIGS. 14-18
and has a wobble drive mechanism 42 that is substan-
tially similar to that shown in FIGS. 1-4, which includes
the elongated arm 64 as is also shown and described in
those figures. The spindle is driven through the nonlinear
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arc as described with regard to the embodiment of FIGS.
1-4, however, the sixth preferred embodiment has the
counterweight 102 modified in a manner whereby the
counterweight is mounted and driven in a manner where-
by the counterweight 102 itself is moved vertically as it
is reciprocated back and forth. The movement is done in
a manner whereby the counterweight motion is synchro-
nized to optimize its position to match that of the plunger
shaft orbital movement.
[0039] This movement effectively reduces the vibra-
tion of the mechanism in the vertical direction. This is
achieved by providing a horizontal shaft 152’ that fits with-
in horizontal slots 150 on each lower leg portion 110
which shaft 152’ is similar to that shown and described
with regard to shaft 150 in the configuration shown in
FIGS. 9-11, except that the shaft has a slightly reduced
size annular groove 210 located on opposite sides of
each leg in which C clips 212 are mounted for the purpose
of maintaining the shaft 152 centered relative to the coun-
terweight. The outer ends of the shaft 152’ are secured
in elongated bushings 212 that have a vertical bushing
214 that has a width slighter larger than the outside di-
ameter of the outer end portions of the shaft 152’ so that
the shaft can move vertically within the bushing 214. Slots
216 are provided in the bushing 214 and include a spring
218 to bias the rod 152’ downwardly so that the center
of the shaft is maintained in contact with a cam member
220 that is mounted on the drive shaft 46. The bushing
214 is suitably mounted in the housing 12 (not shown).
As previously mentioned, the configuration of the cam
member surface 220 can be synchronized so that the
shaft 152’ and counterweight 102 will be vertically moved
during reciprocation of the spindle 28" and counterweight
102 to optimize the counterweight position during such
reciprocation so that the motions of the two components
are matched to reduce the vibration of the mechanism in
the vertical direction.
[0040] A seventh preferred embodiment is shown in
FIGS. 22-25 which is very similar to the configuration
shown in FIGS. 20-22 with regard to the wobble drive
mechanism 42, the rocker arm 120, the spindle 28" and
the counterweight 102, with the latter being supported
by a modified mechanism. The modifications relate to
the horizontal shaft 152" which has the same interface
with the lower legs 110 of the counterweight 102, but the
outer ends do not extend significantly beyond the outside
surface of the legs 110 which therefore contributes to the
compactness of the design. The horizontal shaft 152 is
secured in a cylindrical opening 222 of a link member
224 that extends downwardly below the bottom surface
of the counterweight 102 and which is mounted in verti-
cally oriented bushings 226 in which balls 228 are pro-
vided which ride in a vertical channels 230 provided in
the link member 224. The link member has a horizontal
slot 232 with a vertical dimension that is slighter larger
than the outside diameter of the cam member 234 which
is machined in the drive shaft 46. The cam member caus-
es the link member 224 to move vertically relative to the

bushings 226 which are suitably mounted in the housing
12 (not shown). The horizontal shaft 152 is alternatively
fixed in the link member 224 so that it does not rotate or
it may be rotatable within the cylindrical opening 222 or
it may be secured in suitable bearings to rotate freely
than if it has contact throughout its length within the link
member 224. As is the case for the embodiment shown
in FIGS. 19-21, the cam surface may be designed so that
the counterweight 102 will be vertically moved during its
reciprocation in order to balance against the movement
of the spindle and the wobble drive mechanism 42 to
minimize the vibration that it is produced during operation
of the reciprocating saw.
[0041] An eighth preferred embodiment is shown in
FIGS. 26-31 and is broadly similar to the embodiment
particularly shown in FIGS 14-18 and also has features
that are common with several other embodiments. The
reference numbers for detailed items of common features
may be omitted where the structure and functionality is
substantially similar to those of other preferred embodi-
ments and have been described with regard to those em-
bodiments. If a feature is slightly different from that pre-
viously described with regard to the embodiment shown
in FIGS. 14-18, it may be given a slightly different des-
ignator to note its differences.
[0042] The eighth preferred embodiment shown in
FIGS. 26-31 has a counterweight 102 substantially sim-
ilar to that shown in the preferred embodiment of FIGS.
14-18. counterweight 102 is driven by a forward rocker
arm 120 that is also substantially similar to that shown in
the FIGS. 5-8 in that it has a spherical ball structure 126
at the upper end of the rocker arm 120 that rides in a
cylindrical opening 128 of the spindle 28".
[0043] This embodiment has a nonlinear movement
capability of that can be turned on and off by an orbital
ON and OFF lever mechanism 180’ which comprises an
elongated rod 182’ that has an oval or elliptical cross-
sectional cam surface configuration, i.e., it has a major
axis and a minor axis, which cam surface engages the
outer lower surface of a retaining bushing, indicated gen-
erally at 190, that pivots around a pivot pin 191 for se-
lectively positioning the angle of the center axis of the
bushing 190 relative to the pivot pin 191 during recipro-
cation of the spindle 28". The lever mechanism 180’ has
a handle 192 that an operator can rotate to control the
angle of the retaining bushing and therefore non-linear
blade movement action as desired.
[0044] In this regard, and referring to FIG. 28, the rear
spherical end portion 200 rides within the cylindrical
chamber 198 of the retaining bushing 190 which is shown
in its retracted position in FIGS. 28 and 30 and in a for-
wardly extended position as shown in FIG. 27. It should
be understood that as the spindle 28" reciprocates by
being driven by the elongated arm 64, the spherical end
portion 200 will also be selectively moved in a vertical
direction during such reciprocation as a function of the
angular position of the retaining bushing 190 relative to
the pivot pin 191.

13 14 



EP 2 374 565 A2

9

5

10

15

20

25

30

35

40

45

50

55

[0045] If the center axis of the cylindrical chamber 198
(and therefore the center axis of the bushing 190 itself)
is perfectly horizontal, the spindle 28’ will be moved in a
perfectly horizontal manner and in that horizontal posi-
tion, there is no nonlinear, i.e., vertical motion imparted
to a blade that is attached to the free end of the spindle
28". Such a horizontal position is shown in FIGS. 26 and
28, wherein the handle 192 is in a vertical orientation and
the elongated rod cam surface 182’ has its major axis
oriented vertically so that it urges the retaining bushing
190 to a nearly true or substantially horizontal position.
However, when the handle 192 is rotated 90° to a rela-
tively horizontal position, such as shown for the lever 180
in the embodiment shown in FIG. 14, the axis of the re-
taining bushing 190 will be angled downwardly in the for-
ward direction as shown in FIGS. 27 and 30.
[0046] When the retaining bushing 190 is positioned
so that it is angled downwardly as shown in FIGS. 27 and
30, the spherical end portion 200 will move downwardly
as the spindle 28" is moved to its leftward or extended
position which will cause the blade to move upwardly
because the spindle 28" is constrained by the bushing
96 that is located between the blade and the end portion
200. As the spherical end portion moves from its fully
extended position rightwardly toward the fully retracted
position, the blade will be moved downwardly as the
spherical end portion 200 is moved upwardly during its
travel.
[0047] Such change in the elevation of the blade will
create a more aggressive engagement of the saw blade
with a work piece which can accelerate cutting depending
upon the type of material that is being cut. It should be
understood that such nonlinear action results in a curved
path of movement by the blade, but the blade follows an
identical line during cutting stroke as well as the return
stroke, which is not a true orbital path which is traversed
by a blade in accordance with most prior art circular saw
designs.
[0048] It should also be understood that the amount of
movement by the cam surface 182’ may only cause a
change in elevation of the outer surface of the cam 182’
on the outer surface of the retaining bushing 190 by a
small distance, such as a single millimeter. In this regard,
the actual shape of the elongated rod cam surface 182’
is exaggerated in FIGS. 27, 28 and 30. While it should
be evident from the description of the embodiment of
FIGS. 14-18, the spherical end portion 200 of the spindle
28" is able to travel within the cylindrical chamber 198
without interference, because the arm adapter 74 is ax-
ially adjustable within the base arm portion 68 of the elon-
gated arm 64 which drives the spindle 28".
[0049] While various embodiments of the present in-
vention have been shown and described, it should be
understood that other modifications, substitutions and al-
ternatives are apparent to one of ordinary skill in the art.
Such modifications, substitutions and alternatives can be
made without departing from the spirit and scope of the
invention.

[0050] Various features of the invention are set forth
in the following claims.

Claims

1. A drive apparatus for a reciprocating tool (10, 100),
comprising;
a housing (12);
a rotatable drive shaft assembly (34, 36, 38, 40) lo-
cated in said housing;
an elongated spindle (28, 28’ 28") located in said
housing for reciprocating motion, said spindle having
a front end portion for attaching a cutting blade (24)
thereto and a rear portion;
a front bushing (96) in said housing for supporting
the front end portion of said spindle; and
a wobble drive mechanism (42) comprising a wobble
drive shaft (46) connected to said drive shaft assem-
bly, an elongated arm (64) having a lengthwise axis
extending upwardly from said wobble drive shaft and
including an upper interface for reciprocating said
spindle generally in its lengthwise direction during
alternating cutting and return strokes;
wherein said upper interface connects said arm to
said spindle in a manner that prevents translational
movement of said spindle relative to said arm in the
direction of the arm lengthwise axis.

2. A drive apparatus as defined in claim 1
wherein said front bushing permits reciprocating and
limited angular motion of said spindle therein;
wherein said upper interface causes a cutting blade
attached to said front end portion to travel through
an arc-like path that is traversed in said cutting and
return strokes;
wherein said upper interface comprises an adapter
(74) that is configured to be connected to said arm
and said spindle by first (78) and second (86) pivot
connections at opposite end portions, said pivot con-
nections being oriented perpendicular to one anoth-
er, said first connection between said adapter and
said arm permitting side to side pivoting movement
of said spindle, and said second connection between
said adapter and said spindle permitting reciprocat-
ing movement of said spindle in its lengthwise direc-
tion;
wherein said arm has an upper end portion (72) with
a recess (70) configured to receive said adapter, said
adapter having a generally cylindrical shape with a
lengthwise axis and being sized to loosely fit within
said recess and be pivotable in two orthogonal di-
rections relative to said arm;
wherein said first pivot connection comprises a first
pin (78) interconnecting said adapter and said arm,
said first pin being oriented generally in the length-
wise direction of said spindle to thereby permit said
side to side pivoting movement of said spindle;
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wherein said second pivot connection comprises a
second pin (86) interconnecting said adapter and
said spindle, said second pin being oriented perpen-
dicular to the lengthwise axis of said adapter and
perpendicular to said first pin.

3. A drive apparatus as defined in any of claims 1-2
further comprising structure (90) operatively associ-
ated with said housing on opposite sides of said arm
for limiting angular movement thereof relative to said
lower pivot connection to said drive shaft assembly;
wherein said structure comprises a pair of elongated
rods secured in said housing on opposite sides of
said arm positioned to maintain said arm in a vertical
position during reciprocation of said spindle.

4. The drive apparatus of claim 1
wherein said rear portion of said spindle has an out-
wardly curved outer surface; further comprising:

a back bushing (190) operatively connected to
said housing and comprising a cylindrical cham-
ber configured to receive said outwardly curved
outer surface of said rear portion of said spindle
in close sliding engagement, the rear end portion
of said back bushing being pivotably connected
to said housing to permit pivoting movement of
said bushing thereby providing orbital move-
ment of said spindle during reciprocating motion
thereof;
a cam mechanism (204) operatively associated
with said drive shaft assembly configured to piv-
ot said back bushing during reciprocating motion
of said spindle;
an on/off lever mechanism (180) for selectively
permitting pivoting movement of said back bush-
ing when placed in an on position and preventing
pivoting movement of said bushing when placed
in an off position.

5. A drive apparatus as defined in claim 4 further com-
prising an elongated rocker (120, 120’, 120") having
an upper end portion with an interface to a mid por-
tion of said spindle, a lower end portion with at least
one pivot connection for connection to a counter-
weight (102, 102’, 102"), and a pivot connection to
said housing between said upper and lower end por-
tions;
wherein said lower end portion of said rocker has
two spaced apart portions, each of which have a pivot
connection for connection to a counterweight, said
apparatus further comprising a counterweight hav-
ing a main portion that extends above and on oppo-
site sides of said spindle and side extensions that
extend downwardly to said pivot connections, said
counterweight being mounted for reciprocating
movement in said housing.

6. The drive apparatus of claim 1 for a reciprocating tool
wherein said bushing permits reciprocating and lim-
ited angular motion of said spindle therein;
wherein said upper interface comprises an upper piv-
ot connection to said spindle for reciprocating said
spindle generally in its lengthwise direction during
alternating cutting and return strokes, said upper piv-
ot connection preventing translational movement of
said spindle relative to said arm in the direction of
said arm lengthwise axis;
further comprising:

an elongated rocker (120, 120’, 120") having an
upper end portion with an interface to said spin-
dle, a lower end portion having two spaced apart
side walls, each side wall having a counter-
weight pivot connection for connection to a
counterweight, and a housing pivot connection
to said housing located between said upper and
lower end portions;
a counterweight (102, 102’, 102") having a main
portion that extends above and on opposite
sides of said spindle and side portions that ex-
tend downwardly to said counterweight pivot
connections;
a support configuration associated with said
counterweight and housing for supporting said
counterweight while permitting reciprocating
movement of said counterweight in said hous-
ing.

7. A drive apparatus as defined in claim 6 wherein said
counterweight has a forward extension from the bot-
tom of each of said side portions, said counterweight
pivot connections being connected to said forward
extensions, thereby creating an arcing motion to said
counterweight for neutralizing arcing movement of
said spindle.

8. A drive apparatus as defined in any of claims 6-7
wherein said support configuration comprises an
elongated recess in each of said side portions, said
recess having a length and configuration for provid-
ing a desired profile of movement during reciproca-
tion of said counterweight, and a pin mounted in said
housing and operatively extending to each of said
slots and permitting said reciprocating movement;
wherein said pin is a single elongated cylindrical pin
having opposite ends mounted in said housing and
extends from between said recesses of said side por-
tions;
wherein said cylindrical pin is rotatable about its cy-
lindrical axis relative to said housing.

9. A drive apparatus as defined in any of claims 6-8
wherein said cylindrical pin has at least one end fixed
to said housing and said support configuration fur-
ther comprises a needle bearing with an inner race
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and an outer race located in each of said recesses,
said inner race being mounted on said pin and said
outer race being sized to move in its associated re-
cess.

10. A drive apparatus as defined in any of claims 6-9
wherein said support configuration comprises a v-
shaped groove having side surfaces in each of said
side extensions oriented in a direction generally par-
allel to said spindle movement, and a bushing mount-
ed in said housing, said bushing having a rotatable
ball operatively extending to each of said grooves
permitting said reciprocating movement;
wherein said grooves have side surfaces that are
less than approximately 45 degrees relative to one
another so that each of said balls contact both of
said side surfaces in a point to point contact manner.

11. A drive apparatus as defined in claim 6-10 further
comprising a cam surface on said wobble drive shaft
configured to move said pin and said counterweight
in a vertical direction during reciprocation of said
counterweight, said opposite ends of said pin being
mounted in said housing in a manner permitting ver-
tical movement thereof responsive to rotation of said
wobble drive shaft and cam.

12. A drive apparatus as defined in claim 11 further com-
prising at least two bushings operatively connected
to said opposite ends of said pin, each of said bush-
ings being mounted in a vertical recess in said hous-
ing and permitting vertical movement of said pin;
further comprising a member for biasing said pin to-
ward said cam.

13. A drive apparatus as defined in any of claims 6-12
wherein said support configuration comprises an
elongated recess in each of said side portions ori-
ented in a direction generally parallel to said spindle
movement, and an elongated cylindrical pin located
in said recesses and extending between said recess-
es of said side portions, said apparatus further com-
prising a cam surface on said wobble drive shaft and
a cam link attached to said pin having a cam follower
surface engaging said cam surface to positively
move said pin, cam link and counterweight m a ver-
tical direction during reciprocation of said counter-
weight;
further comprising bushings operatively connected
to said housing located on opposite sides of said
cam link to prevent sideways movement of said cam
link relative to said housing while permitting vertical
movement thereof;
wherein said bushings have a rotatable ball for con-
tacting said cam link.

14. The drive apparatus of claim 1
wherein said bushing permits reciprocating and lim-

ited angular motion of said spindle therein;
wherein said upper interface comprises an upper piv-
ot connection to said spindle for reciprocating said
spindle generally in its lengthwise direction during
alternating cutting and return strokes, said upper piv-
ot connection preventing translational movement of
said spindle relative to said arm in the direction of
said arm lengthwise axis;
further comprising:

an elongated rocker (120, 120’, 120") having an
upper end portion with an interface to said spin-
dle, a lower end portion having two spaced apart
side walls, each side wall having a counter-
weight pivot connection for connection to a
counterweight, and a housing pivot connection
to said housing located between said upper and
lower end portions;
a counterweight (102, 102’, 102") having a main
portion that extends above and on opposite
sides of said spindle, side portions that extend
downwardly to said counterweight pivot connec-
tions, and a forward extension from a bottom of
each of said side portions, said counterweight
pivot connections being connected to said for-
ward extensions;
a support configuration associated with said
counterweight and housing for supporting said
counterweight while permitting reciprocating
movement of said counterweight in said housing
in a direction generally parallel to said spindle
movement, said support configuration compris-
ing an elongated recess in each of said side por-
tions oriented in a direction generally parallel to
said spindle movement, and a pin mounted in
said housing and operatively extending to each
of said recesses and permitting said reciprocat-
ing movement; and
a cam surface on said wobble drive shaft con-
figured to move said pin and said counterweight
in a vertical direction during reciprocation of said
counterweight, said opposite ends of said pin
being mounted in said housing in a manner per-
mitting vertical movement thereof responsive to
rotation of said wobble drive shaft and cam for
creating an arcing motion to said counterweight
for neutralizing arcing movement of said spindle.

15. The drive apparatus of claim 1 for a reciprocating tool
said elongated spindle having a lengthwise axis lo-
cated in said housing for reciprocating motion, said
spindle having a front end portion for attaching a cut-
ting blade thereto and a rear portion with an outward-
ly curved outer surface;
further comprising:

a back bushing (190) operatively connected to
said housing and comprising a cylindrical cham-
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ber configured to receive said outwardly curved
outer surface of said rear portion of said spindle
in close sliding engagement, the rear end portion
of said back bushing being pivotably connected
to said housing to permit pivoting movement of
said bushing thereby providing orbital move-
ment of said spindle during reciprocating motion
thereof;
a cam mechanism (204) operatively associated
with said drive shaft assembly configured to piv-
ot said back bushing during reciprocating motion
of said spindle;
an on/off lever mechanism (180) for selectively
permitting pivoting movement of said back bush-
ing when placed in an on position and preventing
pivoting movement of said bushing when placed
in an off position.
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